Selection Of Mathematical Objects From The History Screen 
On A Handheld Device 

TECHNICAL FIELD OF THE INVENTION 

This invention relates to electronic calculators, and more particularly to a 
calculator that allows the user to select mathematical objects which are valid parts 
of other mathematical objects from the history screen and copy them to another 
input. 

BACKGROUND OF THE INVENTION 

Electronic calculators have become a common tool for teaching students 
mathematics. In particular, the advantages of graphing calculators are being 
utilized in the classroom. Graphing calculators are characterized by a larger 
screen, which permits the entry of mathematical objects in a logical format. They 
also permit graph displays and table displays. They have sophisticated 
programming capability. They often permit data transmission to other computing 
devices, directly or via a data storage medium, as well as data collection via 
various interface protocols. Particular calculator models are often designed for 
particular educational levels. For example, a calculator for middle school students 
might have less advanced features than one designed for older students. However, 
regardless of the level for which a calculator is designed, a continual goal in 
designing them is to provide a logical and easy to use interface. 

Some prior graphing calculators would allow the user to view a history 

screen, which is a scrolling display of previous display outputs. However, the user 

interface for these functions in the prior art was not able to select and incorporate 

mathematical objects from the history screen. 
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SUMMARY OF THE INVENTION 



An embodiment of the present invention is a graphing calculator, which 
allows the user to easily select mathematical objects from the history screen and 
incorporate them as inputs. The user interface of the present invention calculator 
helps the student to more readily use previously entered or developed 
mathematical objects in subsequent work. Similarly, other embodiments include 
the same user interface functionality in a software application package that is 
executed on a graphing calculator. 

The calculator in the present invention may otherwise be a conventional 
graphing calculator. Namely, the calculator screen is capable of two-dimensional 
displays and of displaying at least straight lines in any direction and a cursor. A 
key panel has keys at least capable of selecting positions of the cursor and moving 
the cursor horizontally or vertically on said screen. A processor is operable to 
execute selection of mathematical objects that instructs the processor to perform 
the following steps: 

In an embodiment of the invention the calculator includes a sub-expression 
or mathematical object selection mode that allows the user to place a selection box 
over the desired portion of the mathematical object to be copied. These copied 
objects can then be placed in other applications of the calculator or in the 
calculator input line. The present invention's selection of mathematical objects 
provides students an intuitive method to facilitate learning the structure of 
mathematical objects. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



FIGURE 1 illustrates the front panel of a calculator 10 that allows the user to 
5 select mathematical objects from the history screen and copy them to another 
input. 

FIGURE 2 illustrates the basic steps of using the calculator to select mathematical 
objects from the history screen in accordance with the invention. 

10 

FIGURES 3a-e illustrate screen displays for the basic steps of sub-expression 
selection. 

FIGURES 4a-c illustrate other selection box manipulations to select a desired 
15 mathematical object according to another embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 



FIGURE 1 illustrates the front panel of a calculator 10, which incorporates 
the features of the present invention. Calculator 10 is described herein in terms of 

5 particular software and hardware features of the TI-89, a commercially available 
graphing calculator manufactured by Texas Instruments Incorporated. Apart from 
the features of the present invention, many of the features of calculator 10 
described herein are typical of graphing calculators, while other features are 
unique to the TI-89 and TI92 Plus "family" of TI calculators. The use of the TI-89 

10 is for purposes of description, and does not limit the invention. The features that 
are the subject of the present invention could be incorporated into other calculators 
that provides graphical displays, or they could be incorporated into other computer 
based teaching tools and handheld computers. 

In FIGURE 1, the screen 11 of calculator 10 has a "graphical display", as 

15 that term is used herein. In addition to the ability to draw graphical displays of 
various types, some of the software features of calculator 10 include, software 
applications loading and storage, keystroke programming. It also permits data 
collection, display and analysis. 

Various hardware features include a large pixel screen 11, which is 100 x 

20 160 pixels. A keypad 12 has various keys for data and command entry, some of 
which are used to implement the invention and are described herein. The 
calculator includes a processor 13 connected to a memory unit 14 a 256K byte 
RAM and 72 IK byte application space. Other features are an I/O port for data 
linking, and a unit-to-unit link cable connection capability. 

25 As is typical of calculators, calculator 10 has a secondary function key, 2nd 

key 12a, which permits other keys to have two functions. For example, by 
pressing 2nd key 12a and then ESC/QUIT key 12b, the calculator performs the 
QUIT function. For simplicity of explanation herein, a key having two functions 
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is referred to in terms of the function appropriate for the context, i.e., when 
discussing the QUIT function, the ESC/QUIT key 12b is referred to as the QUIT 
key 12b. Similarly, calculator 10 has an Alpha key 12c, which when depressed 
makes the other keys subsequently depressed to input an alpha character, 

5 

FIGURE 2 illustrates the basic steps of using calculator 10 to select a valid 

mathematical object in the history screen in accordance with the invention. 

FIGURE 2 is drawn from the point of view of steps performed by the user. 

However, the same steps could be described in terms of activities performed by 
10 the computer. For example, steps involving entry of data by the user could also be 

described as receipt of data by the calculator. 

The basic steps described in Figure 2 are as follows: scroll the cursor over 

an expression or equation in the history display, activate the sub-expression 

selection mode, position and/or size the selection box over a selected valid object, 
15 copy the selected object, and paste the object. These steps are further described 

herein below. 

FIGURE 3 illustrates an example of the screen displays for the basic steps 
of the sub-expression selection. The screen displays are typical for the calculator 
illustrated in Figure 1 while running an application called Symbolic Math Guide 

20 (SMG). The Symbolic Math Guide provides step-by-step problem-solving 

transformations for classes of symbolic computations such as algebra and calculus 
to help students learn symbolic computation. The sub-expression selection 
according to the present invention allows the user to select and copy any portion of 
an expression or equation directly from the history screen or application to another 

25 input area of the calculator such as the input line or to another application. 

Figure 3a shows the display screen 110 after solving a problem using the 
SMG. A dark inverse-video area 112 is the cursor to indicate the current control 
location of the SMG display. While in the SMG, or at other times when using the 
calculator, pressing the up-arrow will move the cursor into the history display. 
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The history display scrolls the screen up to past or recently displayed text and data. 
Figure 3b shows the cursor moved up one line from Figure 3a. The cursor now is 
shown over the previously displayed equation. Pressing the function key F3 will 
activate the sub-expression selection mode and change the display from that 
shown in Figure 3b to that shown in Figure 3c. In the embodiment shown here, 
the cursor in the sub-expression selection mode is changed to a dashed rectangle 
or box 114 around the sub-expression. 

In the sub-expression selection mode, the user can manipulate the 
mathematical object to be selected by changing the box to surround the desired 
object using the keyboard keys 12. The sub-expression selection software insures 
the manipulation of the box selects only valid mathematical objects. Keys that are 
active to manipulate the box are shown on the prompt line 116. Pressing the up- 
arrow key expands the box to include a "larger" portion of the expression or 
equation in the selection cursor. Pressing the up-arrow while on the expression 
shown in Figure 3c expands the selection box to that shown in Figure 3d. 

After the desired object has been selected, it can then be copied and pasted 
into other places in the calculator such as the input line of the calculator. In the 
illustrated embodiment, the copy and paste keys are marked alternate keys on the 
calculator keyboard. After the mathematical object has been copied, the calculator 
must be placed back into the normal input mode or moved to another application 
where the mathematical object is to be placed. The keystrokes to return to the 
normal input mode may include the "quit" key etc. When the cursor is in the 
desired input location, the selected mathematical object is copied to the cursor 
location using the "copy" key. The result for the illustrated sequence is shown in 
Figure 3e which shows the selected object copied to the input line 118. 

FIGURE 4 illustrates other selection box manipulations to select a desired 

mathematical object according to another embodiment of the present invention. In 

this embodiment the up-arrow and down-arrow directional keys are used to select 

"larger" or "smaller" sub-expressions, the left-arrow and right arrow are used to 

tab to the next sub-expression, the shift-left-arrow and shift-right-arrow to select 
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the subsequent sub-expressions, and the "ESC" or F3 key to exit the selection 
mode. 

Figure 4a illustrates the movement of the selection box using the right- 
arrow key from the display shown in Figure 3c. The selection box is moved to the 

5 sub-expression to the right of the equal sign. Pressing the left-arrow key will 

move the dashed selection box back to that shown in Figure 3c. Similarly, Figure 
4b illustrates the movement of the selection box using the down-arrow key from 
the display shown in Figure 3c. The selection box is moved to a "smaller" sub- 
expression of the previous mathematical object. Figures 4c and 4d illustrate an 

10 example of using the shift-right-arrow key. Figure 4d illustrates the movement of 
the selection box using the shift-right-arrow key from the display shown in Figure 
4c. The selection box is moved to include the sub-expression to the right. The 
shift-left arrow key operates in a similar manner. 

15 

Other Embodiments 

Although the present invention has been described in detail, it should be 
understood that various changes, substitutions, and alterations could be made 
20 hereto without departing from the spirit and scope of the invention as defined by 

the appended claims. 
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